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Méric polétavého prachu s PMS 7003 verze 2.0

V tomto pripadé udélam vyjimku a zverejnim na svém webu navod pro méri¢ polétavého
prachu - tedy cistoty ovzdusi, za kterym stoji kolegium autord. J& jsem jen zasel pomysiné
seminko svym plvodnim velmi jednoduchym resenim na odecet hodnot ze senzoru PMS
7003. Bohuzel z ¢asovych dlvodd, ale hlavné nedostate¢né erudovanosti na poli

programovani Arduina [] jsem vysledek prenechal odbornikdim.

Zde je odkaz na mUj plvodni navod ,hloupého” mérice, ktery jen odecital a zobrazoval

hodnoty ze senzoru v realném case.

O co jde?

Méri¢ polétavého prachu je Opens Source projekt pro nekomerc¢ni pouziti, pomoci kterého by
si kazdy, reknéme kutil, ¢i nadSenec mél byt schopen sestavit pristroj za par dolard, ktery
bude umét zmérit miru znecisténi ovzdusi na zakladé méreni prachovych ¢astic rlznych
velikosti. Vyspélejsi verze 2.0 pracuje i s datalogerem na SD kartu, teplomérem a
vlhkomérem. Pokud vadm neni Ihostejno co dychate, obzvlasté na vesnici, kdy soused pfilozi
kde ¢im a chcete své stiznosti, Ci pfipominky podlozit redlnym mérenim, nebo jen z
akademickych dlvod{ si chcete udélat obrazek o tom co dychate a jaky to ma vliv na vas

zdravotni stav, zde je navod pro vas.

Verze

e PMS 7003 - 2.0 (21.12.2020) nyni je hotova prvni verze ,chytrejSiho” snimace. Urcité
bude nutno odladit néjaké nedostatky. Dojde-li ke zménam, budou zverejnény zde.

Program

Zde prikladam program pro Arduino MEGA, jehoz autorem je Milan Macuga. Pro pohodinou
komunikaci s ¢idlem, SD kartou a teplomérem se muselo prejit na Arduino MEGA, nebot UNO
ma jiz pro tyto Ucely malou pamét. Kod je velmi krasné okomentovan, neni asi tfeba k tomu

moc dodavat


http://koppik.cz/2019/10/10/mereni-poletaveho-prachu-pomoci-pms-7003/
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// Toto je:
char verzeSouboru = "05b 15 11 2020 PMS.INO";

/* - oprava: 14.11.2020 - proménnd value[] zménéna z byte na int, nacitala
se hodnota z PMS jen do 255.

Usek (Zobrazeni na LCD) - zména pozic vice doleva pro zobrazeni hodnot
nad 999, zhusSténi hodnot na displeji

+ vymaz historie verzi

Predchozi:
05 12 11 2020 PMS.INO
Verze, nahrand v predaném dile

Cidlo mé&reni kvality ovzdudi
(c) Milan Macuga, mm.online@seznam.cz, vytvoreno 11/2020

Zapoijeni:

Cidlo: Plantower PMS7003 ------- :
Tx ¢idla PMS zapojen na pin 17 MEGA = serial 2
*  *  (#define pmsSerial Serial2 // green wire from PMS5003 goes to pin 17
on **Mega**)
u UNO se pouzije SoftwareSerial a pouzije se pak libovolny pin

Displej - SDA/SCL

SD karta - MISO-50 MOSI-51 SCK-52 (CS/SDCS-53 na MEGA

Klavesnice kldvesa "1" = pin D3 pak D4 - D5 - D6 a spolecny D7 pro SW
zem pomoci LOW

RTC - SDA/SCL

Vlhkomér/teplomér typ AM2320 - SDA/SCL

PMS - D17 (Serial2 u MEGA), pouzit pouze pin TX, VCC a GND

*/
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// FRERERERAIEREREIER  [DIRY(F) EREREREIREREIIEREREIEARERES

// Zadani konstanty pro ukladani dat

unsigned long interval = 60000; // v milisekunddch = 1 minuta
unsigned long previousMillis = 0; // proménné pro preklapéni
// currentMillis je definovan niZze v casti ukladani na SD
//**********************************

/* Aktualni datum a c¢as se do PMS vzdy nahraje pri downloadu programu
Letni ¢as neni vyreSen, musi se doprogramovat
Klavesa 1 slouzi ke zhasinani displeje. Klavesy 2-4 maji slouzit k
prohlizeni dat
tj. nahoru, dold a MENU (Enter)
*/

// Setup hardware

// Membranova klavesnice 1x4 - pole s piny pripojenych tlacditek
const int tlacitkal[] = {4, 3, 6, 5}; // piny s tlacitky

const int tlacitkaGND = 7; // piny s tlacitky

bool zhasniLCD = HIGH; // proménnd pro zjisténi stavu podsviceni
int buttonState = 0; // current state of the button

int lastButtonState = 0; // previous state of the button

// proménna stavu tlacitka
int stisk = 0;

// Teplomér a vlhkomér AM2320
#include <AM2320.h>

// inicializace modulu z knihovny

AM2320 senzor;

float aktTeplota; // proménnd pro predavani
float aktVlhkost; // -/-

//#include <SoftwareSerial.h> // pro UNO, nano ...

#include <LiquidCrystal I2C.h> // Library for LCD

// Wiring: SDA pin is connected to A4 and SCL pin to A5.

// Connect to LCD via I2C, default address 0x27 (A0-A2 not jumpered)
LiquidCrystal I2C lcd = LiquidCrystal I2C(0x21, 20, 4); // Change to
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(0x27,16,2) for 16x2 LCD.

// Aktualné pouzity displej ma adresu 21, pri vyméné displeje nutno zménit
dle faktické adresy

// nebo propojit na desce a preadresovat pdjenim na 21

// pripojeni potrebnych knihoven
#include <Wire.h>

// RTC Hodiny redlného casu DS3231

#include <RtcDS3231.h>

RtcDS3231<TwoWire> Rtc(Wire); // SDA-SCL ! - Wire.h musi byt pred timto !
char datestring[20]; // pro proceduru printDateTime(const RtcDateTime& dt) -
predava cCas ve stringu

// SD krta
#include <SD.h>
const int chipSelect = 53;

// PMS lidlo - definice pripojeni - jsou 2 moznosti, primo na Serial 2 (MEGA)
nebo Software Serial (UNO)

//SoftwareSerial pmsSerial(3, 2); //RX/TX - pouziva se v **UNO, nano...**

/* Poznamky k moznosti, nacpat to do UNO:
Problém je, Ze do UNO se to s RTC a SD knihovnou prosté nevleze...
Software Serial jde pouzit pouze bez SD knihovny, pak uz je to velké...

Ukazka pri pokusu nahrat 02b do UNA:

Projekt zabird 14832 bytd (45%) UloZzného mista pro program. Maximum je
32256 bytd.
data section exceeds available space in board

Globdlni proménné zabiraji 2056 bytl (100%) dynamické paméti, -8 bytd
zUstédva pro lokdlni proménné.

Maximum je 2048 bytd.

Nedostatek peméti; na http://www.arduino.cc/en/Guide/Troubleshooting#size
naleznete typy jak velikost redukovat.

Nastala chyba pri kompilaci u desky Arduino Uno.
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*/

#define pmsSerial Serial2 // green wire from PMS5003 goes to pin 17 on
**Mega**

// purple goes to 5V

// orange goes to negative

int value[13]; // pro nac¢itani proménnych z PMS
//const int ledPin = 8; // ¢islo pinu LED
//bool ledState;

void setup() {

// inicializace pole tlacitek

for (int x = 0; X < 4; X++)

{
// zapojeni tlacitek 1-4 jako vstup s pull-up odporem
pinMode(tlacitka[x], INPUT_PULLUP);

}

// Spolec¢ny vodic je napojen na pin7 a ten déla GND

pinMode(tlacitkaGND, OUTPUT);

digitalWrite(tlacitkaGND, LOW);

Serial.begin(9600);

Serial.print("Verze souboru: "); Serial.println(verzeSouboru);
// LCD setup

lcd.backlight();

Serial.println("LCD Backlight()");

lcd.begin();

Serial.println("LCD Begin()");

lcd.clear();

Serial.print("Initializing SD card...");

lcd.setCursor(0, 0); lcd.print("Verze");
lcd.setCursor(0, 1); lcd.print(verzeSouboru);
lcd.setCursor(0, 2); lcd.print(".ino ");
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delay(5000);
lcd.clear();

if (!SD.begin(chipSelect)) {

Serial.println("initialization failed. Things to check:");

Serial.println("1l. is a card inserted?");

Serial.println("2. is your wiring correct?");

Serial.println("3. did you change the chipSelect pin to match your shield
or module?");

Serial.println("Note: press reset or reopen this serial monitor after
fixing your issue!");

lcd.setCursor(0, 0); lcd.print

lcd.setCursor(0, 1); lcd.print

lcd.setCursor(0, 2); lcd.print

lcd.setCursor(0, 3); lcd.print

while (true);

"Chybicka... ");

“nemas tam SD kartu");
"nebo je poskozena ");
"Vypni! a vloz kartu");

P

Serial.println("initialization SD done.");

lcd.clear();

lcd.setCursor(13, 2);

lcd.print("SDwr OK"); // zapisuju s predstihem, protoze jinak to tam bude
az za (interval)...

//lcd.noBacklight(); // vypinani displeje

delay(2000);

// sensor PMS baud rate is 9600 !
pmsSerial.begin(9600);
//pinMode(ledPin, OUTPUT);
Serial.println("za PMS Serial");
Serial.print("compiled: ");
Serial.print(_DATE );
Serial.println(_TIME );

Rtc.Begin();
RtcDateTime compiled = RtcDateTime( DATE , TIME ); // nastaveni

systémového casu z PC

if (!'Rtc.IsDateTimeValid())
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if (Rtc.LastError() !'= 0)
{
// we have a communications error
// see https://www.arduino.cc/en/Reference/WireEndTransmission for
// what the number means
lcd.setCursor(0, 13); lcd.print("RTC !'!");
delay(5000);

Serial.print("RTC communications error = ");
Serial.println(Rtc.LastError());

}

else

{
// Common Causes:
// 1) first time you ran and the device wasn't running yet
// 2) the battery on the device is low or even missing

Serial.println("RTC lost confidence in the DateTime!");
lcd.clear();

lcd.setCursor(0, 0); lcd.print("Vymen ihned baterii ");
lcd.setCursor(®, 1); lcd.print("v RTC modulu !! 0 o
lcd.setCursor(0, 2); lcd.print("...Nemam cas :0) ");
delay(8000);

lcd.clear();

// following line sets the RTC to the date & time this sketch was
compiled

// it will also reset the valid flag internally unless the Rtc device
is

// having an issue

Rtc.SetDateTime(compiled);
}

if (!Rtc.GetIsRunning())
{

Serial.println("RTC was not actively running, starting now");
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Rtc.SetIsRunning(true);
}

RtcDateTime now = Rtc.GetDateTime();
if (now < compiled)

{
Serial.println("RTC is older than compile time! (Updating DateTime)");
Rtc.SetDateTime(compiled);

}

else if (now > compiled)

{
Serial.println("RTC is newer than compile time. (this is expected)");

}

else if (now == compiled)

{

Serial.println("RTC is the same as compile time! (not expected but all is
fine)");

}

// never assume the Rtc was last configured by you, so
// just clear them to your needed state
Rtc.Enable32kHzPin(false);
Rtc.SetSquareWavePin(DS3231SquareWavePin ModeNone) ;

//

Serial.println("--- Konec Setup(), vSe probéhlo Uspésné a jde se do
Loop()");

lcd.setCursor(0, 0); lcd.print("Cekam na");

lcd.setCursor(0, 1); lcd.print("data z ");

lcd.setCursor(0, 2); lcd.print("cidla e

delay(3000);

struct pms5003data {
uintl6e t framelen;
uintle t pmlO standard, pm25 standard, pmlO0 standard;
uintlé t pml@ _env, pm25 env, pmlO0 env;
uintlé t particles 03um, particles O5um, particles 1Qum, particles 25um,
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particles 50um, particles 100um;
uintl6 t unused;
uintlé t checksum;

I
/* Toto obsahuji proménné

13:37:39.335 -> Concentration Units (standard)
13:37:39.368 -> PM 1.0: 11 PM 2.5: 12 PM 10: 13
13:37:39.402 -> -----m oo e oo
13:37:39.436 -> Concentration Units (environmental)
13:37:39.470 -> PM 1.0: 11 PM 2.5: 12 PM 10: 13
13:37:39.505 -> ----mm i

13:37:39.573 -> Particles > 0.3um / 0.1L air:1818
13:37:39.609 -> Particles > 0.5um / 0.1L air:590
13:37:39.642 -> Particles > 1.0um / 0.1L air:53
13:37:39.675 -> Particles > 2.5um / 0.1L air:1
13:37:39.709 -> Particles > 5.0um / 0.1L air:1
13:37:39.747 -> Particles > 10.0 um / 0.1L air:0

13:37:39.747 -> --- oo oo
*/
struct pms5003data data;

void loop() {
// Resetni se kazdy den o tom cCase (nebo po 24 po spusSténi)

checkKBD1(); // zapnuti nebo vypnuti displeje, pozdéji i dalsi funkce
tlacitek

// Nacteni PMS;

if (readPMSdata(&pmsSerial)) { // reading data was successful!
// rtcCheck(); // odkomentuj jen pro ucely ladeni

// Nalteni aktudlniho data a ¢asu do proménné
RtcDateTime now = Rtc.GetDateTime();
setDateString(now); // naplnéni datestringu spravnymi dvoucifernymi
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hodnotami

nactiTeplotu(); // a uloz je do aktTeplota a aktVlhkost

// Zobrazeni procesu na terminalu

Serial.println();

Serial.println("--- Usp&3né& nacteno ------ ");
Serial.println("Concentration Units (standard)");
Serial.print("PM 1.0: "); Serial.print(value[0]);
Serial.print("\t\tPM 2.5: "); Serial.print(value[l]);
Serial.print("\t\tPM 10: "); Serial.println(value[2]);

Serial.print("Teplota: "); Serial.print(aktTeplota); Serial.print(" stC,
vlhkost: "); Serial.print(aktVlhkost); Serial.println("%");

Serial.println("------mmmmm e ");

// Zobrazeni na LCD
lcd.setCursor(6, 0); lcd.print(value[0]); lcd.print(" ");
lcd.setCursor(6, 1); lcd.print(value[l]); lcd.print(" ");
lcd.setCursor(6, 2); lcd.print(value[2]); lcd.print(" ");
/* plvodni, vymazat po odladéni z koédu
lcd.setCursor(9, 0); lcd.print(value[0]); lcd.print(" ");
lcd.setCursor(9, 1); lcd.print(value[1l]); lcd.print(" ");
lcd.setCursor(9, 2); lecd.print(value[2]); lcd.print(" ");
*/

lcd.setCursor(13, 0); lcd.print(aktTeplota, 1); lcd.print(" ");

lcd.setCursor (18, 0); lcd.print((char) 223); lcd.print("C"); // char
223=snak stupne

lcd.setCursor(13, 1); lcd.print(aktVlhkost, 1); lcd.print(" ");
lcd.setCursor(18, 1); lcd.print("%H");

lcd.setCursor(0, 0); lcd.print("PM1.0=");

lcd.setCursor(0, 1); lcd.print("PM2.5=");

lcd.setCursor(0, 2); Llcd.print("PM10 =");

/* plvodni, vymazat po odladéni z kédu
lcd.setCursor(0, 0); lcd.print("PM 1.0 =");
lcd.setCursor(0, 1); Llcd.print("PM 2.5 =");
lcd.setCursor(0, 2); lcd.print("PM 10 =")

*/

.
’

lcd.setCursor(0, 3); lcd.print(datestring); // zobraz datum a cCas z
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proménné

// napln data z PMS c¢idla

value[0] = (data.pml@ standard);
value[l] = (data.pm25 standard);
value[2] = (data.pml@@ standard);

// Priprava dat pro zapis na SD kartu

String dataProZapis = datestring; dataProZapis += ","; // napln datum a
cas

dataProZapis = dataProZapis + String(value[0]); dataProZapis += ",";
//pmlO standard

dataProZapis = dataProZapis + String(value[l]); dataProZapis += ",";
//pm25 standard

dataProZapis = dataProZapis + String(value[2]); dataProZapis += ",";

//pml100 standard
dataProZapis = dataProZapis
dataProZapis = dataProZapis
// Konec plnéni

+

String(aktTeplota); dataProzZapis += ",";
String(aktVlhkost); dataProZapis += ",";

+

// SD karta - zdapis
unsigned long currentMillis

millis();
if (currentMillis - previousMillis > interval) {

File dataFile = SD.open("datalog.txt", FILE WRITE);
// if the file is available, write to it:
if (dataFile) {
dataFile.println(dataProZapis);
dataFile.close();
// print to the serial port too:
Serial.println("Zapsano na SD...");
lcd.setCursor(13, 2);
lcd.print("SDwr OK");
previousMillis = currentMillis; // Zdapis byl UspéSny, nuluju a cekam
dalsi minutu

}
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// if the file isn't open, pop up an error:
else {
Serial.println("error opening datalog.txt");
lcd.setCursor(13, 2);
lcd.print("SD -!!-"); // POZOR, tri vykric¢niky blokuji zavedeni
programu. ..
} // Zapis na SD kartu se nepovedl

} // uz je Cas to zapsat :0) - ale cekej az na UspéSny zdpis na SD ***

} // readPMSdata

//delay(100); // POZOR pokud se tady da vys$si hodnota, bude CheckSum
Failure! i bez delay vSe jede, jak ma.

// delay jsem odstranil, protoZe uz to hdzelo checksum = velké zpozdéni pri
prichodu loop()

// Kontrola RTC - pro DEBUG
void rtcCheck() {
if (!'Rtc.IsDateTimeValid())
{
if (Rtc.LastError() !'= 0)
{
// we have a communications error
// see https://www.arduino.cc/en/Reference/WireEndTransmission for
// what the number means

Serial.print("RTC communications error = ");
Serial.println(Rtc.LastError());
}
else
{
// Common Causes:
// 1) the battery on the device is low or even missing and the power

line was disconnected
Serial.println("RTC lost confidence in the DateTime!");

}
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} // RTC Check

void nactiTeplotu() {
switch (senzor.Read()) {
// v pripadé stavu "2" je chyba komunikace
case 2:
Serial.println("Chybny CRC soucet, chyba v komunikaci!");
break;
// v pripadé stav "1" je senzor offline nebo Spatné pripojen
case 1:
Serial.println("Senzor offline!");
break;
// v pripadé stavu "0" je vSe v poradku
// a mizeme vytisknout Udaje
case 0:
float teplota senzor.t;
float vlhkost senzor.h;
aktTeplota = teplota;
aktVlhkost = vlhkost;
break;

}
}// NactiTeplotu

void checkkBD1() { // reakce na stisk tlacitka "1"
// read the pushbutton input pin:
buttonState = digitalRead(tlacitkal[0O]);
//Serial.println(zhasnilLCD);

// compare the buttonState to its previous state
if (buttonState != lastButtonState) {
// if the state has changed, increment the counter
if (buttonState == HIGH) {
// if the current state is HIGH then the button went from off to on:

zhasnilLCD = !zhasnilLCD; // kdyz stisknuto, zmén stav
delay(50); //pro dokmit
}
// save the current state as the last state, for next time through the
loop

lastButtonState = buttonState;



// zména stavu displeje po stisku
if (zhasnilLCD == HIGH) {

lcd.noBacklight();

}

else

{

lcd.backlight();

}

}
} // checkKBD1

M

//RTC spravné zobrazeni casu se dvéma 00

#define countof(a)

e

void setDateString(const RtcDateTime& dt)

{

// char datestring[20];

snprintf P(datestring,

countof(datestring),

F

¢
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(sizeof(a) / sizeof(al0]))

PSTR("%02u/%02u/%04u %02u:%02u:%02u"),

dt
dt
dt
dt
dt
dt

boolean readPMSdata(Stream *s) {

.Day(),
.Month(),
.Year(),
.Hour (),
.Minute(
.Second(

’

)
) )

if (! s->available()) {
return false;

// Read a byte at a time until we get to the special '0x42' start-byte

if (s->peek()
s->read();

I= 0x42) {

return false;
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// Now read all 32 bytes
if (s->available() < 32) {
return false;

uint8 t buffer[32];
uintlé t sum = 0;
s->readBytes(buffer, 32);

// get checksum ready
for (uint8 t i = 0; i < 30; i++) {
sum += buffer[i];

/* debugging
for (uint8 t i=2; i<32; i++) {
Serial.print("0x"); Serial.print(buffer[i], HEX); Serial.print(", ");
}
Serial.println();
*/

// The data comes in endian'd, this solves it so it works on all platforms
uintle t buffer ul6[15];
for (uint8 t i = 0; 1 < 15; i++) {
buffer ul6e[i] = buffer[2 + i * 2 + 1];
buffer ule[i] += (buffer[2 + 1 * 2] << 8);
}

// put it into a nice struct :)
memcpy((void *)&data, (void *)buffer ul6, 30);

if (sum != data.checksum) {
Serial.println("Checksum failure");
return false;

}

// success!

return true;
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} // Cteni PMS dat - end

Hardware

K vylepsené verzi projektu je pouzito par béznych komponent a celek je zasazen do krabicky
na miru navrzené a vyrobené pomoci 3D tisku. Pouzity RTC modul nabiji baterii, proto je

nutno pouzit nabijeci knoflikovou baterii LIR2032

» ARDUINO MEGA
» 20x4 LCD displej 2004 zeleny + 12C prevodnik

12C teplomér a vlhkomér DHT12 AM2320 digitalni

Mini RTC Hodiny realného ¢asu DS1307

Senzor prachovych Castic PMS 7003

Membrdnova klavesnice 1x4 maticovéa

Tisténa krabicka

Pro cely aparat byla navrzena 3D tisténa krabicka, rovnéz panem Milanem Macugou

>>STL soubory pro tisk krabicky ke stazeni zde<<


https://www.laskarduino.cz/lir2032-li-ion-baterie-40mah-3-6v/
https://www.laskarduino.cz/20x4-lcd-displej-2004-zeleny-i2c-prevodnik/
https://arduino-shop.cz/arduino/1976-i2c-teplomer-a-vlhkomer-dht12-am2320-digitalni.html
https://www.laskarduino.cz/arduino-mini-rtc-hodiny-realneho-casu-ds1307/
https://www.aliexpress.com/item/32784279004.html?spm=a2g0o.productlist.0.0.93077f09FPXoaM&algo_pvid=da5e48ba-1b62-41f0-a27c-c1109f211bfb&algo_expid=da5e48ba-1b62-41f0-a27c-c1109f211bfb-1&btsid=2100bde116085650671313973e77ff&ws_ab_test=searchweb0_0,searchweb201602_,searchweb201603_
https://www.laskarduino.cz/arduino-1x4-maticova-membranova-klavesnice/
http://koppik.cz/download/pms-7003-2-0-krabicka/
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Sestaveni

Schéma zapojeni zatim neni k dispozici, ale drtiva vétsina periferie je pripojena pres 12C
sbérnici, prfipadné SPI, propojeni je zakresleno ve fotografiich, pfipadné okomentovano ve
zdrojovém kddu. Nic slozitého.
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Zaveér

Projekt je stale ve vyvoji, mozna se docka i néjaké aplikace pro vyhodnocovani namérenych
dat atd. V soucasné chvili se pracuje na kalibraci zafizeni (porovnanim s méfi¢em CHMI)
ovsem jaksi bez certifikace, ktera stoji skoro jako celd vyplata. Pro tyto free Ucely tedy v

naprosto Silenych financnich relacich.

V pfipadé zajmu, Ci podrobnéjsi informace k tomuto projektu nas nevahejte kontaktovat

pavel.kopp(zavina¢)seznam.cz
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